New media (S1 and S2) were formulated that provide a high degree of selectivity and detection of fluorescent pseudomonads on initial plating. The selectivity of the S-type media was based on a detergent, sodium lauroyl sarcosine, and an antibiotic, trimethoprim. A total of five soils from different geographical locations and one sewage sludge sample were examined. On S1 medium, isolates from two soils with low fluorescent pseudomonad populations exhibited a high frequency of arginine dihydrolase (78%) and oxidase-positive (95 %) phenotypes, but no fermentative isolates were recovered. Medium S2 was more defined and selective than S1, but lower numbers of fluorescent pseudomonads were recovered on S2. In soils in which fluorescent pseudomonads represent a small proportion of the total population, S1 medium consistently recovered high percentages of fluorescent phenotypes (82.5%).
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The isolation and enumeration of bacteria belonging to the genus Pseudomonas from various habitats are often necessary due to their importance in a diverse range of microbiological phenomena. The fluorescent pseudomonads are of particular interest because a number of species are plant pathogens (14) , and at least one (P. aeruginosa) is a human pathogen (5) . The fluorescent pseudomonads have also been considered as biological control agents against various root diseases (8, 9, 21) and in the degradation of oil spills (13) . The fluorescent pseudomonads have been frequently reported as contaminants in certain meat and dairy products (1, 15) , in the biodegradation of pesticides and chemical wastes (20) , and in the industrial fermentation of organic acids (19) and have been suggested as indicators of water quality (22) .
Antibiotic-based and detergent-based selective media have been developed for the isolation of fluorescent pseudomonads. Because these microorganisms generally possess high intrinsic resistance to antibiotics, Sands and co-workers (16) (17) (18) isolation of fluorescent pseudomonads because it is relatively nonselective (16) .
The objective of this study was to develop a medium that is more selective than D4 for the isolation of fluorescent pseudomonads and that would promote the expression of observable fluorescence upon initial isolation.
MATERIALS AND METHODS
Media. Total heterotrophic aerobic bacteria were enumerated on 10% tryptic soy agar (TSA; Difco Laboratories, Detroit, Mich.) (7), and gram-negative bacteria were enumerated on 10% TSA containing 5 g of crystal violet per ml to eliminate gram-positive bacteria (4). The isolation medium for detection of fluorescence (Si medium) contained the following reagents (per liter): 18 g of agar, 10 g of sucrose, 10 ml of glycerol, 5.0 g of Casamino Acids (Difco), 1.0 g of NaHCO3, 1.0 g of MgSO4 -7H20, 2.3 g of K2HPO4, 1.2 g of sodium lauroyl sarcosine (SLS), and 20 mg of trimethoprim (2) (5-[(3,4,5 -trimethoxyphenyl)methyl] -2,4-pyrimidinediamine). Trimethoprim was obtained from Sigma Chemical Co., St. Louis, Mo., and all of the other chemicals used were of reagent grade. S2 medium contained 4.0 g of asparagine per liter in place of Casamino Acids. Trimethoprim was added after the medium had been autoclaved and cooled. The final pH of the media was 7.4 to 7.6, and no adjustment was necessary. Three media identical to S1, except as noted below, were used to characterize one of the soil samples; trimethoprim was omitted from S3, SLS was omitted from S4, and SLS and trimethoprim were both omitted from S5.
Fluorescence and plating efficiency. The plating efficiency of 10 American Type Culture Collection (ATCC; Bethesda, Md.) strains on the S1 and S2 media were compared with D4 (10) and 10% TSA. A 24-h culture of each strain in nutrient broth was serially diluted in 0.1% peptone (7) and plated on each of the media. Counts on 10% TSA were arbitrarily set at 100% recovery. Each of the ATCC cultures was also streaked on King B and the three selective media (S1, S2, and D4), and growth, fluorescence, and pigment production were evaluated after 24 h of incubation at 23°C.
Isolation of pseudomonads from various habitats. Soils from five locations and one sewage sludge sample were used for the isolation and enumeration of pseudomonads. The The plating efficiency of S1 medium was higher than that 1A and B). Anaerobic glucose-positive bacteria were isoof S2 medium for all of the ATCC strains and was also higher lated on D4, but none were detected on the two S media than the efficiency of D4 for 6 of the 10 ATCC strains (Table  (Table 5 ). 3). Three fluorescent ATCC isolates and one nonfluorescent A higher percentage of isolates obtained from a sewage isolate had very low plating efficiencies on S2 medium sludge sample were fluorescent on Si and S2 media (50 and compared with one fluorescent and one nonfluorescent cul-75%, respectively) compared with isolates on D4 medium ture which had low plating efficiencies on D4 medium. Only (20%) ( Table 6 ). Greater numbers of bacteria were isolated P. maltophilia exhibited low plating efficiencies on Si mefrom sewage sludge on D4 medium (106 CFU/ml) than were dium (Table 3) .
isolated on SI and S2 media (105 CFU/ml) ( Table 6 ). A high
The total bacterial numbers from the five soils as deterpercentage of D4 isolates were anaerobic glucose positive mined on 10% TSA were in the following order: Texas > (65%) and oxidase negative (70%) as compared with 0% New York = Mississippi > Washington = South Carolina anaerobic glucose-positive and 100% oxidase-positive iso-( Table 4 ). The total numbers of gram-negative bacteria as lates obtained from both of the S media. Approximately 60% determined on 10% TSA amended with crystal violet were, of D4 isolates were members of the family Enterobacteriaexcept for the South Carolina soil, an order of magnitude ceae, and 35% were presumptive Shigella spp. Other idenlower than the total bacterial numbers. For each soil, tified organisms recovered from the sewage sludge sample bacterial counts were all within 1 log unit on each of the on D4 included Citrobacter spp., Klebsiella spp., Acinthree selective media (S1, S2, and D4). Of the isolates etobacter spp., and Escherichia coli. No fungi were obobtained from the Mississippi and Washington soils on S1 served on S1, S2, and D4 media even at low dilutions (10-1) and S2 media, a higher percentage were arginine dihydrolase from the sludge and soil platings.
(ADH) positive and oxidase positive and produced fluorescence compared with those isolated from D4 (Table 5 ). The DISCUSSION phenotypes isolated from the three other soils were in equivalent proportions on all of the selective media. Both SLS was chosen as one of the selective agents because it fluorescence and pigment production on Si medium were is a weaker detergent than sodium dodecyl sulfate and would consistently observed on initial isolation from all soils (Fig. potentially provide higher recovery and be less likely to (Table 1) , but eliminating trimethoprim allowed the growth of nonfluorescent pseudomonads. Trimethoprim appeared to be most active against facultative gram-negative bacteria, but it was ineffective against many gram-positive bacteria (Table 1) . When both trimethoprim and SLS were omitted from the medium (S5), selectivity was lost ( Table 1 ). The combination of the two selective agents provided an apparent synergistic effect on selectivity and was essential for the selectivity of the S media. The greater numbers of oxidase-and ADH-positive bacteria obtained on S1 medium as compared with D4 (Tables 5  and 6 ) were consistent with the greater numbers of fluorescent phenotypes isolated on Si. All of the fluorescent pseudomonads are oxidase positive, and many of them are ADH positive (6) . The S media were not compared with the Sands and Rovira medium because initial studies showed that D4 was superior to the Sands and Rovira medium (unpublished data). Sands and co-workers reported that in some soils the fluorescent pseudomonads constituted a very low percentage (6%) of the isolates obtained on their medium (18 
